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a  b  s  t  r  a  c  t
Mathematical  models  to predict  the dry matter  intake  (DMI)  of  feedlot  Santa  Ines  rams
were  developed  and evaluated  in this  study.  The  available  database  had  100  experi-
mental  units  from  13 studies.  Study  effect  was  integrated  and  random  effects  of  their
interactions  as  components  of a hybrid  model.  The  independent  variables  were  initially
adjusted  to  a model  which  included  ﬁxed effects  for y-intercept  and  slope  and random
effects  in  y-intercept  and  slope  study,  using  unstructured  covariance  model  (e.g.:  UN-
unstructured).  Study  effect  on  database  was  veriﬁed,  and  then  a meta-analysis  procedure
to develop  DMI  prediction  equations  was  performed.  For  validation  and  comparisons
between  existing  prediction  equations  in  the  national  and  international  literature,  inde-
pendent data  from  one  survey  with  21 animals  were  used.  Validation  methods  of the
observed  and  predicted  DMI were  based  on  linear  regression  model  adjustment  of  the
observed  values  over  predicted  values.  The  following  variables:  average  live  weight  (ALW),
metabolic live  weight  (MLW0.75),  average  daily  gain  (ADG)  and  average  daily  gain2 (ADGsq)
presented  positive  correlation  with  DMI.  In contrast  diet  concentrate  level  showed  a  neg-
ative correlation.  Among  eight  models  examined,  the  following  resulting  equation  [DMI
(g/day)  =  238.74  ± 114.56  (0.0398)  +  31.3574  ± 4.2737  (<0.0001)  × MLW  + 1.2623  ±0.2128
(<0.0001)  ×  ADG  −  5.1837  ±  0.7448  (<0.0001)  × CON]  has been  found  as  the  best  ﬁt  model
to  predict  DMI  in feedlot  Santa  Ines  rams.
Crown. IntroductionSheep ﬂocks have always had an important role
n Brazil’s socioeconomic sphere but this situation has
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changed from underdeveloped to emergent country for
the past few years, mainly due to expansion and qualiﬁ-
cations of domestic and foreign markets. Brazil owns 17
million head of sheep (IBGE, 2011) and a parcel of these
are being bred in feedlot, since this practice enables the
greatest return over capital invested, a better quality meat
product throughout the year, standardised ﬁnal produce,
productivity and income growth, reduction of slaughter age
.V. All rights reserved.
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and better forage availability in comparison to other animal
categories.
Among breeds of sheep exploited in Brazil, Santa Ines is
considered as predominant (Portilho et al., 2006). It comes
from the semiarid regions of the Brazilian northeast and
has become scattered through the southeast regions where
they are raised for meat production (Silva et al., 2004),
drawing attention to its high productivity even though it
is a wool-less breed.
The modernisation of business processes involving live-
stock has demanded implementation of powerful tools to
develop suitable production systems for new economic
reality and to render properties much more productive,
competitive and sustainable. According to Tedeschi et al.
(2008),  accurate and precise determination in terms of
the nutritional requirements of small ruminants is vital
to ensure optimal use of natural resources like land, food
and fresh water, for these elements are either limited or in
short supply in some areas around the world. Mathemat-
ical models have been important tools to increase animal
performance and to minimise nutrient excretion (Tedeschi
et al., 2005).
Amongst the adopted nutritional requirement systems
used in Brazil for small ruminants, the British (AFRC, Agri-
cultural and Food Research Council), the North American
(NRC), the French (INRA) and the Australian (CSIRO) have
been predominantly used (Resende et al., 2008). A Brazilian
system has yet to be created for the nutritional require-
ments of sheep, and therefore, diet formulation has been
performed according to these other systems which were
created speciﬁcally for their own climatic and genetic char-
acteristics and food compositions which are very different
from what is found in Brazil (Cabral et al., 2008).
The necessary quantity of nutrients required for main-
tenance and production in small ruminants will depend on
the dry matter intake (DMI) of that animal. This needs to
be predicted in an accurate way to achieve high perfor-
mance and to prevent unnecessary expenses with feeding,
since this component represents higher costs for animal
production. Factors that interfere with DMI  are complex
and multifactorial and there is no consensus of opinion
about how this activity could be regulated in ruminants
(Forbes, 2007). However, systematic literature searches in
Brazil have generated further information which may  be
used to create mathematical models able to predict with
high precision and accuracy the DMI  of small ruminants.
Thus the aim of this study was to develop mathematical
models to predict the DMI  of feedlot Santa Ines rams.
2. Materials and methods
Data obtained from individual animal and average data compiled from
thesis and articles with Santa Ines rams in feedlots, non-castrated, a grow-
ing  and fattening phases were used in order to develop DMI  prediction
equations.
Information was collected from studies whose data had connected
with: diet concentrate percentage (%CON), used roughage description,
initial live weight (iLW), ﬁnal live weight (fLW), DMI, average daily gain
(ADG), and number of days in feedlot (DF). At the beginning, the databank
had 104 experimental units (EU) from 13 studies however four biologi-
cally inconsistent outliers were identiﬁed and eliminated bringing the EU
to  100, with 67 of these being from individual data (Matos, 2009; LageResearch 112 (2013) 78– 84 79
et al., 2010) and 33 from average data compiled from thesis and articles
published in Brazilian journals from 2007 to 2010 (Table 1).
The following criteria were assured during data selection: minimum
period of 10 days for adaptation and to prevent the impact of compen-
satory growth on DMI a minimum of 33 days in feedlot, ad libitum intake
and  animals stalled in individual pens.
Firstly a veriﬁcation of normal distribution assumptions for additivity
and  hemocedasticity was performed. Secondly a data descriptive analysis
was  performed to obtain data set proﬁle through central trend measures
(mean, mode, median) and dispersion (minimum, maximum and standard
error of the mean). Pearson’s coefﬁcient of correlation was used to mea-
sure the linear intensity ratio between DMI  and quantitative variables.
According to the recommendations of St-Pierre (2001) a check for exist-
ing study effect on database was performed followed by a meta-analysis
for data comparisons of the different studies.
To develop DMI  prediction equations a MIXED procedure (PROC
MIXED) was run in Statistical Analysis Systems software (SAS, 2012), using
mixed effects regression models (St-Pierre, 2001). Models were integrated
with study and random effect and its interactions as mixed model com-
ponents.
Initially independent variables were adjusted to a model which
included ﬁxed effects for intercept, slope and random effects of study
in  the intercept and slope through a covariance matrix with unstruc-
tured variation (option UN-unstructured). When random covariance for
intercept and slope were not signiﬁcant (P > 0.05) or when models which
included intercept or slope covariance did not converge, the option VC
(variance components structure) from the PROC MIXED was carried out.
Akaike and Bayesian’s information criterion to indicate data variability
and  to deﬁne the best matrix covariance was  used.
To develop the equations the following DMI  dependent variables were
considered: average live weight (ALW), metabolic live weight (MLW0.75),
average daily gain (ADG, g/day) and average daily gain2 (ADGsq, g/day2)
and  diet concentrate percentage (%CON).
Equations from Cabral et al. (2008) and the NRC (2007) were used for
comparisons with those equations obtained in this study.
Cabral et al. (2008)
[0.311 + ((0.0197 × LW) + (0.682 × ADG))] × 1000
NRC (2007):
[0.04 × ABW × (BW/RSW) × (1.7 − (BW/RSW))] × 1000
where reference standard weight (RSW) was assumed to be 45 kg and
adult body weight (ABW) 50 kg.
As for equation validation and comparison independent data from
Aragão (2010) was  used, with 21 castrated Santa Ines rams fed on ele-
phant grass (Pennisetum purpureum, Schum) as roughage and 600 g kg−1
concentrate in a feedlot system with individual cages during a period of 78
days. Sex effect between experimental animals used to develop the mod-
els  (non-castrated rams) and those used for validation (castrated) were
evaluated.
Validation procedures of the observed and predicted DMI though the
equations found in this current work and those proposed by Cabral et al.
(2008) and NRC (2007) were based on linear regression model adjustment
of  the observed values (dependent variable) over the predicted values
(independent variables). The regression parameters estimate was tested
for  the independent null hypothesis according to Neter et al. (1996):
Ho  : ˇ0 = 0 orˇ1 = 1
Ha :  noHo
Under no rejection of the null hypothesis argument, equivalence
between observed values and those predicted was concluded as true.
Mean bias (MB) was calculated in conformance with Cochran and Cox
(1957):
AB = 1
n
n∑
(xi − yi)i=1
where x = observed values and y = predicted values.
Concordance correlation coefﬁcient (CCC) or reproducibility index,
which considers both accuracy and precision, was  calculated as suggested
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Table 1
Database characteristics to develop DMI  prediction equation in feedlot Santa Inês rams.
Search Author/Year Publication N DF CP (%DM) NDF (%DM) Roughage Concentrates
1 Lage et al. (2010)a Pesquisa Agropecuária
Brasileira
27 50 18.9 20.7 Corn silage Ground maize, soybean meal
and glycerine
2  Matos (2009)a Thesis – Universidade Federal
Rural de Pernambuco
40 56 14.2 28.4 Atriplex hay and cactus Ground maize, soybean meal
3 Mendes  et al. (2008)b Brazilian Journal of Veterinary
and Animal Science
3 84 16.8 40.7 Sugar cane silage Ground maize, soybean meal
and citrus pulp
4 Sousa  et al. (2008)b Brazilian Journal of Animal
Health and Production
2 33 or 42 16.0 28.0 Manic¸ oba hay Ground maize, soybean meal
and wheat middlings
5 Gastaldello Junior et al. (2010)b Brazilian Journal of Animal
Science
2 56 18.4 22.5 Coastcross hay Ground maize and soybean
meal
6  Louvandini et al. (2007)b Brazilian Journal of Animal
Science
3 87 6.96 62.4 Coastcross hay Ground maize, soybean meal
and sunﬂower seed meal
7  Castro et al. (2007)b Brazilian Journal of Animal
Science
4 – 16.7 31.9 Manic¸ oba hay Maize, soybean meal„
sugarcane molasses and
soybean oil
8 Cunha  et al. (2008)b Brazilian Journal of Animal
Science
4 72 15.7 44.3 Tifton 85 hay e cactus Ground maize, soybean meal
and cottonseed meal
9  Silva et al. (2008)b Brazilian Journal of Animal
Science
6 63 10.0 52.3 Elephant grass silage Ground maize, soybean meal,
cacao meal and palm kernel
10 Cartaxo  et al. (2008)b Brazilian Journal of Animal
Science
1 37 16.0 28.6 Manic¸ oba hay Ground maize, soybean meal
and wheat middlings
11  Pereira et al. (2008)b Brazilian Journal of Animal
Science
4 67 15.2 37.8 Corn silage Ground maize, soybean meal
and citrus pulp
12  Pinto et al. (2005)b Agropecuária Técnica 2 63 or 81 12.5 50.8 Panicum geminatum hay and
pineapple stubble; corn silage+
water grass
Ground maize, soybean meal
and wheat middlings
13 Coelho (2007)b Dissertation – Universidade
Estadual do Sudoeste da Bahia
2 56 11.0 63.1 sorghum and corn silages Ground maize and soybean
meal
N, number of experimental animals; DF, days in feedlot; CP, crude protein; NDF, neuter detergent ﬁbre.
a Data obtained from individual animals.
b Average data compiled from thesis and articles.
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Table 2
Database descriptive statistic used to develop dry matter intake (DMI) prediction equations in feedlot Santa Inês rams.
Variables DF DMI  DMI  ALW LWi LWf ADG CON
(day) (g/day) (% LW)  (kg) (kg) (kg) (g) (%)
Minimum 33 512.0 2.4 20.7 15.3 23.7 76.0 20.0
Maximum 87 1597.0 5.4 36.7 26.3 42.3 339.0 90.0
Mean 57 1108.0 4.2 26.6 19.9 32.7 229.85 49.2
Median 56 1138.0 4.1 26.3 19.8 32.7 243.5 41.5
Mode 56 785.0 3.4 23.9 22.6 33.0 261.0 70.0
0.3
 LWi, inSEM  1.0 18.8 0.06 
DF, days in feedlot; DMI, dry matter intake; ALW, average live weight;
concentrate.
by  Lin (1989).  Comparative assessment of the prediction equations efﬁ-
ciency was  made for the mean square prediction error (MSPE) as described
by  Bibby and Toutenburg (1977):
MSPE = 1
n
n∑
i=1
(xi − yi)2
where x = observed values and y = predicted values.
In all variance calculations, total observations (n) were used as a divi-
sor.  As for statistical procedures, it was  ﬁxed a likelihood critic level of 0.05
for type I error. Statistical procedures for equations validation and com-
parison were carried out for the Model Evaluation System (MES), 3.0.11
version.
3. Results
Database for equations development presented disper-
sion among model variables which can be observed in
descriptive statistic (Table 2). In Table 3 it can be seen that
ALW, MLW0.75, ADG and ADGsq presented a positive corre-
lation (P < 0.05) with DMI. However diet concentrate level
(CON) showed a negative correlation (P < 0.05) with DMI,
implying that the highest diet concentrate proportions will
decrease DMI. The highest coefﬁcients of correlation were
obtained from ALW and MLW0.75.
When ﬁxed effects solution results from eight regres-
sion equations were assessed (Table 4) it was veriﬁed that
only equation 2 (Eq. (2)) showed P < 0.05 for both intercept
and models. The lowest values for Akaike’s information cri-
terion (AIC) and Bayesian’s information criterion (BIC) were
for Eqs. (6) and (2).  Eqs. (2), (4), (6), and (8) all had higher
coefﬁcient of determination (R2) than other equations. The
regressions based on various combinations of growth per-
formance variables without CON resulted in relatively low
coefﬁcients of determination (R2), and including the vari-
able CON in the model in any combination of variables had
Table 3
Pearson‘s coefﬁcient of correlation and likelihood values of dependent
variables of the dry matter intake (DMI).
Variables Dry matter intake (g/day)
Coefﬁcient of
correlation
P-value
Average live weight (ALW) (kg) 0.52 <0.0001
Metabolic live weight (MLW0.75) (kg) 0.52 <0.0001
Average daily gain (ADG) (g/day) 0.38 <0.0001
Average daily gain2 (ADGsq) (g/day) 0.37 0.0002
Diet concentrate level (CON) (%) −0.29 0.0034
iDMI, dry matter intake; ALW, average live weight; MLW0.75, metabolic
live weight; ADG, average daily gain; CON, concentrate.0 0.26 0.36 6.3 1.78
itial live weight; LWf, ﬁnal live weight; ADG, average daily gain; CON,
the greatest impact on the model with substantial increase
in R2 value of the regression equations.
In order to validate equation applicability generated
in this work and those already existent in the literature
(NRC, 2007; Cabral et al., 2008) against unequal ﬁeld condi-
tions from those used for its initial development, equations
were tested against the experimental results obtained by
Aragão (2010).  Independent database information used for
model validation were summarised in descriptive statistic
(Table 5) and were ﬁt for validation, since data variability
was representative of the data universe used to create the
DMI  prediction equations.
There were no differences between predicted and
observed DMI  among equations proposed by this study
(Table 6) when it was tested using regression statistics,
with intercept equal to zero or slope equal to one. More-
over equivalence between predicted values of models and
those observed by Aragão (2010) was noted. On the other
hand, models suggested by Cabral et al. (2008) and the
NRC (2007) presented predicted DMI  different from those
observed by Aragão (2010) (P < 0.05) and so are not equiv-
alent to observed DMI  in practical feeding conditions
(Table 6).
Equations which presented higher mean bias (MB) were
those developed by Cabral et al. (2008) and the NRC (2007)
respectively, whereas Eqs. (2), (6) and (8) had the lowest
MB values (Table 6). The highest concordance correlation
coefﬁcients (CCC) were obtained by models proposed by
this present study in comparison to the Cabral et al. (2008)
and NRC (2007) models, with Eq. (2) having a CCC closer
to 1. Mean square prediction error was  lower for Eq. (2),
with the highest values found for Cabral et al. (2008) and
the NRC (2007) models.
4. Discussion
By and large the majority of the observed values for the
database variables (Table 2) have been found to have sufﬁ-
cient magnitude to be used across a wide scope of studies
and study proposals. The present database allows represen-
tative projections to be made despite the different feeding
conditions experienced of the Brazilian tropics.
Mertens (1994) has suggested that intake depends on
important factors such as animal (live weight, produc-
tion level, live weight variation, physiological phase, size,
etc.), feed (effective NDF, volume, ﬁlling capacity, energy
density, etc.), feeding conditions (feed availability, trough
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Table 4
Fixed effects solutions results from regression equations based on variables and its respective standard error, signiﬁcance, Akaike’s information criterion
(AIC)  and Bayesian information criterion (BIC) and coefﬁcient of determination (R2).
Average live weight (ALW)
AIC 1277.6
DMI (g/day)  = 156.17 ± 139.05(0.2642) + 28.29
±5.19(< 0.0001) × ALW + 0.87 ± 0.25(0.0008) × ADG (1)
BIC 1280.2
R2 0.3475
AIC 1236.8
DMI  (g/day) = 238.74 ± 114.56(0.0398) + 31.36
±4.27(< 0.0001) × ALW + 1.26 ± 0.21(< 0.0001) × ADG − 5.18
±0.74(< 0.0001) × CON (2)
BIC 1239.3
R2 0.5668
AIC 1285.4
DMI  (g/day) = −40.26 ± 202.92(0.8431) + 29.01 ± 5.20(< 0.0001)
× ALW + 2.78 ± 1.47(0.0609) × ADG − 0.0046 ± 0.0035(0.1885) × ADG2 (3)
BIC 1287.9
R2 0.359
AIC 1246.4
DMI  (g/day) = 183.92 ± 170.9(0.2846) + 31.52 ± 4.31(< 0.0001)
× ALW + 1.78 ± 1.22(0.1471) × ADG − 0.0013 ± 0.0029(0.6654)
× ADG2 − 5.13 ± 0.76(< 0.0001) × CON (4)
BIC 1249.0
R2 0.5675
Metabolic average live weight (MLW0.75)
AIC 1275.5
DMI  (g/day) = −97.46 ± 182.73(0.595) + 86.19 ± 15.84(< 0.0001)
× MLW0.75 + 0.86 ± 0.25(0.0009) × ADG (5)
BIC 1278.1
R2 0.3465
AIC 1234.9
DMI  (g/day) = −41.41 ± 150.12(0.7833) + 95.41 ± 13.064(< 0.0001)
× MLW0.75 + 1.25 ± 0.21(< 0.0001) × ADG − 5.18
±0.75(< 0.0001) × CON (6)
BIC 1237.4
R2 0.5651
AIC 1283.2
DMI (g/day)  = −302.13 ± 238.16(0.2077) + 88.44 ± 5.196(< 0.0001)
× MLW0.75 + 2.78 ± 1.47(0.0607) × ADG − 0.0047 ± 0.0035(0.1859) × ADG2 (7)
BIC 1285.8
R2 0.3582
AIC 1244.5
DMI  (g/day) = −99.46 ± 199.27(0.6188) + 95.94 ± 13.17(< 0.0001)
× MLW0.75 + 1.79 ± 1.22(0.1468)
× ADG − 0.0013 ± 0.0029(0.657) × ADG2 − 5.12 ± 0.76(< 0.0001) × CON (8)
BIC 1247.0
A , averag
l
e
t
p
d
T
D
D
cLW, average live weight; (MLW0.75), metabolic average live weight; ADG
inear length, feed accessibility, feeding frequency) and
nvironmental conditions as well.
To generate prediction equations researchers have
hus selected and included independent variables which
resent higher correlation coefﬁcients (Table 3) with
ependent variables (Galyean et al., 2010). Furthermore
able 5
escriptive statistics for validation of dry matter intake (DMI) prediction equatio
Variables DF DMI  DMI  ALW
(g/day) (%LW) (kg) 
Minimum 78 858.0 3.6 20.3
Maximum 78 1647.0 4.5 36.5
Mean  78 1220.6 4.1 30.0
Median 78 1218.0 4.1 30.0
Mode 78 1159.0 4.0 – 
SEM  n/a 37.09 0.06 0.7
F, days in feedlot; DMI, dry matter intake; ALW, average live weight; LWi, in
oncentrate.R2 0.5660
e daily gain; CON, concentrate.
it  was noted that correlations between multiple predic-
tors can signify hardships for equation development, and
consequently this issue needs to be avoided (Holter et al.,
1996).
There are multifactorial inﬂuences on DMI  and vari-
able choice has been suggested to affect DMI  prediction
ns in feedlot Santa Ines rams (n = 21).
 LWi LWf ADG CON
(kg) (kg) (g) (%)
 16.2 24.4 88.0 60
 28.6 44.7 227.0 60
 23.4 36.63 169.2 60
 24.2 37.6 172.0 60
24.2 39.8 200.0 60
9 3.20 1.00 8.66 n/a
itial live weight; LWf, ﬁnal live weight; ADG, average daily gain; CON,
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Table 6
Statistics for regression between observed and predicted values by means of the models.
Equations Intercept Value P1 Slope Value P2 R2 MB  CCC MSPE
Eq. (1) −217.74 0.18 1.13 0.081 0.82 68.55 0.78 10573.29
Eq.  (2) −247.038 0.13 1.15 0.22 0.82 −51.62 0.84 7898.19
Eq.  (3) −63.86 0.66 1.11 0.40 0.81 59.06 0.82 8847.35
Eq.  (4) −198.50 0.21 1.11 0.35 0.82 −52.86 0.84 7994.50
Eq.  (5) −225.83 0.17 1.26 0.078 0.81 69.24 0.77 10830.57
Eq.  (6) −255.62 0.13 1.16 0.21 0.82 −50.47 0.83 7965.94
Eq.  (7) −68.29 0.64 1.11 0.39 0.81 59.61 0.82 9062.70
Eq.  (8) −205.11 0.21 1.12 0.34 0.81 −51.76 0.83 8057.38
Cabral  et al. (2008) −564.16 0.008 1.75 0.0007 0.82 202.81 0.35 50208.71
0
ation coNRC  (2007) 1359.60 0.008 1.89 
R2, coefﬁcient of determination; MB,  mean bias; CCC, concordant correl
hypothesis of invalidity Neter et al. (1996): Ho: ˇ0 = 0 or ˇ1.
models thus these choices should follow the highest cor-
relation coefﬁcient for both DMI  and ease of use. Pittroff
and Kothmann (2001) analysed 12 DMI  prediction mod-
els according to complexity and advanced mathematics
and concluded that for ten of those models examined live
weight inclusion in the prediction model was crucial to
model performance.
The AFRC (1998) and CSIRO (2007) have both considered
diet energy concentration in their prediction models for
ram DMI  intake. The NRC (2007) regard diet quality and
a correction factor for growing animals important to the
function of the diet metabolizable energy concentration. In
the current study this parameter was included in only an
indirect form, speciﬁcally the diet concentrate percentage
(%CON), due to limited available variables in the database.
Negative correlations between DMI  and diet concentrate
percentage can be explained for the concentrate increment
effect on metabolizable energy input in accordance with
the model “minimal total discomfort” suggested by Forbes
(2007).
Intake (DMI) is the variable that most affects animal per-
formance (Waldo and Jorgensen, 1981) and consequently
average daily gain (ADG) must also be incorporated into
prediction models.
As can be seen in Table 4, including more variables into
a model provides incremental difference in the coefﬁcient
of determination (R2), except when adding ADGsq (Eqs. (3)
and (7)), showing that higher variable numbers in mod-
els allows a suitable ﬁt to be created, and in this study
the variable which presented the highest R2 value was diet
concentrate level. However R2 should not be used a single
evaluation criterion as other variables involved in the pre-
diction model assessment must be taken into consideration
(Tedeschi, 2006). Taking intercept signiﬁcance degree, with
each variable included into models, considering AIC, BIC
and R2, it can be veriﬁed that Eq. (2) presents the most
useful model in comparison to the others tested.
Negative values for ADGsq and CON (Table 4) indicate
that there is an inﬂexion point for DMI  prediction models
which is affected directly by these variables. In other words
there is a point where ADG and CON decreased DMI  without
taking into account other parameters. When this situation
occurs the higher ADG will lead to higher necessities of con-
centrate inclusion for supplying nutritional requirements,
increasing diet energy density and exerting physiological
effects on DMI  regulation (Forbes, 2007)..015 0.63 −145.13 0.35 35119.85
efﬁcient; MSPE, mean square prediction error. P1,2 independent second
If expounded singly results of ﬁxed effect solutions
from regression equations cannot be used as unique
choice parameter for DMI  prediction. Validation would
be an important toll to verify if models were able to
make an accurate and precise DMI  estimate (Azevedo
et al., 2010).
Aragão’s experimental data (2010) can be contemplated
as suitable for model validation since its values were
between the maximum and minimum of the database used
for the model development (Table 2).
Models proposed by Cabral et al. (2008) and the NRC
(2007) were not able to predict the DMI  of feedlot Santa
Ines rams in Brazil efﬁciently (Table 6). Neal et al. (1984)
pointed out that models should be tested in similar con-
ditions to those found in local production. Data used for
equations proposed by Cabral et al. (2008) underestimated
DMI; this factor was  possibly inﬂuenced result validity due
to the fact that Cabral et al. (2008) did not use Santa Ines
breeding rams exclusively in their study. The same argu-
ment could be applied to the NRC (2007) model which
used animals from different breeds, fed on various diets
and reared under different climatic conditions which led
to the overestimation of DMI  in the tropics. Therefore pre-
sented data suggests that Eq. (2) would be the most reliable
model for estimating the DMI  of Brazilian feedlot Santa Ines
rams (Table 6).
In Brazil DMI  estimates for rams have previously used
models generated in other countries (including NRC, 2007;
AFRC, 1998; INRA, 1988; CSIRO, 2007) which were spe-
ciﬁc to the conditions (breeding, feeding, climate) of those
respective countries, but greatly different to those con-
ditions of the Brazilian production system. Results from
the current study stress the importance of using equa-
tions speciﬁc to local conditions to ensure that accurate
DMI  prediction can be adopted by researchers, experts and
producers when creating feeding programmes for Brazilian
rams.
5. Conclusion
All developed models were able for predicting the
DMI  of feedlot Santa Ines sheep. However among eight
models examined, the following resulting equation [DMI
(g/day) = 238.74 ± 114.56 (0.0398) + 31.3574 ± 4.2737
(<0.0001) × MLW  + 1.2623 ± 0.2128 (<0.0001) × ADG
8 minant R
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 5.1837 ± 0.7448 (<0.0001) × CON] has been found as the
est ﬁt model to predict DMI  in feedlot Santa Ines rams.
cknowledgements
Financial assistance for this research from Banco do
ordeste do Brasil, Universidade Federal do Vale do São
rancisco, Empresa Brasileira de Pesquisa Agropecuária
nd Conselho Nacional de Desenvolvimento Cientíﬁco e
ecnológico is gratefully acknowledged.
eferences
FRC, 1998. Agricultural and food research council. Nutr. Goats, 116.
e Aragão, A.S.L., 2010. Utilizac¸ ão de coprodutos da fruticultura do vale
do são francisco na alimentac¸ ão de ruminantes. Dissertation (Master
in  Animal Science). Universidade Federal do Vale do São Francisco,
Petrolina, PE, p. 65.
zevedo, J.A.G., Valadares Filho, S.C., Pina, D.S., Chizzotti, M.L., Valadares,
R.F.D., 2010. A meta-analysis of dry matter intake in Nellore and Zebu-
crosses cattle. Rev. Bras. Zootec. 39, 1801–1809.
ibby, J., Toutenburg, H., 1977. Prediction and Improved Estimation in
Linear Models. John Wiley and Sons, New York.
abral, L.S., Neves, E.M.O., Zervoudakis, J.T., de Abreu, J.G., Rodrigues, R.C.,
de Souza, A.L., de Oliveira, Í.S., 2008. Estimativas dos requisitos nutri-
cionais de ovinos em condic¸ ões brasileiras. Rev. Bras. Saúde Prod.
Anim. 9, 529–542.
artaxo, F.Q., de Sousa, W.H., Cezar, M.F., Gonzaga Neto, S., Cunha, M.G.G.,
2008. Efeitos do genótipo e da condic¸ ão corporal sobre o desem-
penho de cordeiros terminados em conﬁnamento. Rev. Bras. Zootec.
37, 1483–1489.
astro, J.M.C., da Silva, D.S., de Medeiros, A.N., Pimenta Filho, E.C., 2007.
Desempenho de cordeiros Santa Inês alimentados com dietas comple-
tas contendo feno de manic¸ oba. Rev. Bras. Zootec. 36, 674–680.
ochran, W.G., Cox, G.M., 1957. Experimental Design. John Wiley and Sons,
New York.
oelho, C.P., 2007. Desempenho de ovinos da rac¸ a santa inês alimentados
com silagens com diferentes concentrac¸ ões de tanino. Thesis (Mas-
ter in Animal Science), Universidade Estadual do Sudoeste da Bahia,
Itapetinga, BA, p. 50.
ommonwealth Scientiﬁc and Industrial Research Organisation (CSIRO),
2007. Nutrient requirements of domesticated ruminants. CSIRO,
Collingwood, Australia, p. 270.
unha, M.G.G., de Carvalho, F.F.R., Véras, A.S.C., Batista, A.M.V., 2008.
Desempenho e digestibilidade aparente em ovinos conﬁnados alimen-
tados com dietas contendo níveis crescentes de caroc¸ o de algodão
integral. Rev. Bras. Zootec. 37, 1103–1111.
orbes, J.M., 2007. A personal view of how ruminant animals control their
intake and choice of food: minimal total discomfort. Nut. Res. Rev. 20,
132–146.
alyean, M.L., DiLorenzo, N., McMeniman, J.P., Defoor, P.J., 2010. Alpharma
beef cattle nutrition symposium: predictability of feedlot cattle
growth performance. J. Anim. Sci. 89, 1865–1872.
astaldello Junior, A.L., Pires, A.V., Susin, I., Mendes, Q.C., Ferreira, E.M.,
Mourão, G.B., 2010. Desempenho e características de carcac¸ a de
cordeiros alimentados com dietas contendo alta proporc¸ ão de con-
centrado adicionadas de agentes tamponantes. Rev. Bras. Zootec. 39,
556–562.
olter, J.B., West, J.W., McGilliard, M.L., Pell, A.N., 1996. Predicting ad
libitum dry matter intake and yields of Jersey cows. J. Dairy Sci. 79,
912–921.
.B.G.E. Instituto brasileiro de geograﬁa e estatística, 2011. Produc¸ ão da
pecuária municipal (accessed 28.01.11) www.ibge.gov.br
.N.R.A. Institut national de la recherche agronomique, 1988. Alimentation
des bovins, ovins et caprins, 471 pp.
age, J.F., Paulino, P.V.R., Luiz Gustavo Ribeiro Pereira, L.G.R., Valadares
Filho, S.C., de Oliveira, A.S., Detmann, E.D., Souza, N.K.P., Lima, J.C.M.,
2010. Glicerina bruta na dieta de cordeiros terminados em conﬁna-
mento. Pesq. Agropec. Bras. 45, 1012–1020.esearch 112 (2013) 78– 84
Lin, L.I.K., 1989. A concordance correlation coefﬁcient to evaluate repro-
ducibility. Biometrics 45, 255–268.
Louvandini, H., Nunes, G.A., Garcia, J.A.S., McManus, C., Costa, D.M., de
Araújo, S.C., 2007. Desempenho, características de carcac¸ a e consti-
tuintes corporais de ovinos Santa Inês alimentados com farelo de
girassol em substituic¸ ão ao farelo de soja na dieta. Rev. Bras. Zootec.
36, 603–609.
Matos, C.V., 2009. Associac¸ ão de palma forrageira (Opuntia fícus-indica
Mill) e feno de erva-sal (Atriplex nummularia L) em dietas para
cordeiros Santa Inês em conﬁnamento. Thesis (Animal Science Doc-
torate). Universidade Federal Rural de Pernambuco, Recife, PE, p. 101.
Mendes, C.Q., Susin, I., Pires, A.V., Nussio, L.G., Araujo, R.C., Ribeiro, M.F.,
2008. Desempenho, parâmetros da carcac¸ a e comportamento inges-
tivo de cordeiros alimentados com cana-de-ac¸ úcar ensilada ou in
natura. Arq. Bras. Med. Vet. Zootec. 60, 733–740.
Mertens, D.R., 1994. Regulation of forage intake. In: Fahey Junior, G.C. (Ed.),
Forage Quality, Evaluation and Utilization. Madison, Wisconsin.
N.R.C. National Research Council, 2007. Nutrient Requirements of Small
Ruminants, 362 pp.
Neal, H.D.St.C., Thomas, C., Cobby, J.M., 1984. Comparison of equations for
predicting voluntary intake by dairy cows. J. Agric. Sci. (Camb.) 103,
1–10.
Neter, J., Kutner, M.H., Nachtsheim, C.J., Wasserman, W.,  1996. Applied
Linear Statistical Models. Chicago, Irwin.
Pereira, M.S., Ribeiro, E.L.A., Mizubuti, I.Y., da Rocha, M.A., Kuraoka, J.T.,
Nakaghi, E.Y.O., 2008. Consumo de nutrientes e desempenho de
cordeiros em conﬁnamento alimentados com dietas com polpa cítrica
úmida prensada em substituic¸ ão à silagem de milho. Rev. Bras. Zootec.
37, 134–139.
Pinto, C.W.C., de Sousa, W.H., Pimenta Filho, E.C., Cunha, M.G.G., Gonzaga
Neto, S., 2005. Desempenho de cordeiros Santa Inês terminados com
diferentes fontes de volumosos em conﬁnamento. Agropec. Tec. 26,
123–128.
Pittroff, W.,  Kothmann, M.M., 2001. Quantitative prediction of feed intake
in  ruminants. II. Conceptual and mathematical analysis of models for
cattle. Livest. Prod. Sci. 71, 151–169.
Portilho, F.P., Vitti, D.M.S.S., Abdalla, A.L., Mcmanus, C.M., Rezende, M.J.M.,
Louvandini, H., 2006. Minimum phosphorus requirement for Santa
Inês lambs reared under tropical conditions. Small Rumin. Res. 63,
170–176.
Resende, K.T., de Silva, H.G.O., Lima, L.D., de Teixeira, I.A.M.A., 2008.
Avaliac¸ ão das exigências nutricionais de pequenos ruminantes pelos
sistemas de alimentac¸ ão recentemente publicados. Rev. Bras. Zootec.
37, 161–177.
SAS (Statistical Analysis Systems), 2012. SAS OnlineDoc 9.1.3. SAS Insti-
tute. Inc, Cary, North Carolina, USA.
Silva, A.M.A., Silva Sobrinho, A.G., Trindade, I.A.C.M., Resende, K.T., Bakke,
O.A., 2004. Food intake and digestive efﬁciency in temperate wool
and tropic semi-arid hair lambs fed different concentrate: forage ratio
diets. Small Rumin. Res. 55, 107–115.
Silva, H.G.O., Pires, A.J.V., Carvalho, G.G.P.de, Veloso, C.M., Silva, F.F.da,
2008. Capim-elefante amonizado e farelo de cacau ou torta de dendê
em dietas para ovinos em crescimento. Rev. Bras. Zootec. 37, 734–742.
Sousa, W.H.D., Cartaxo, F.Q., Cezar, M.F., Gonzaga Neto, S., Cunha, M.G.G.,
dos Santos, N.M., 2008. Desempenho e características de carcac¸ a de
cordeiros terminados em conﬁnamento com diferentes condic¸ ões cor-
porais. Rev. Bras. Saúde Prod. Anim. 9, 795–803.
St-Pierre, N.R., 2001. Invited review: integrating quantitative ﬁndings
from multiple studies using mixed model methodology. J. Dairy Sci.
84,  741–755.
Tedeschi, L.O., Fox, D.G., Sainz, R.D., 2005. Using mathematical models in
ruminant nutrition. Sci. Agric. 62, 76–91.
Tedeschi, L.O., 2006. Assessment of the adequacy of mathematical models.
Agric. Syst. 89, 225–247.
Tedeschi, L.O., Cannas, A., Fox, D.G., 2008. A nutrition mathematical
model to account for dietary supply and requirements of energy and
nutrients for domesticated small ruminants: the development and37, 178–190.
Waldo, D.R., Jorgensen, N.A., 1981. Forages for high animal produc-
tion: nutritional factors and effects of conservation. J. Dairy Sci. 64,
1207–1227.
